ABSTRACT
The real part of the virtual Compton amplitude can be directly determined from measurements of electron (or muon) bremsstrahlung or pair photoproduction.
In general, the interference of the Compton amplitude with the Bethe-Heitler amplitude for pair production or bremsstrahlung yields a contribution to the cross section which is antisymmetric when the leptons are interchanged. This interference contribution thus produces different cross sections for electron and positron bremsstrahlung at a given scattering energy a.nd angle. Also the counting rate for pair production will depend on which lepton has the greater momentum. The determination of the real part of the Compton amplitude would supply information on the isobar resonance shape, test the dispersion relation for the forward amplitude, and resolve 1 uncertainties in the determination of the nucleon resonances. A simple estimate for the lepton asymmetry of the pair production cross sections due to the forward Compton amplitude is given in addition to a complete calculation of the effect of the first nucleon resonance using the isobar model. The results are also discussed for nuclear targets. For the latter case, a broadening of the isobar decay width due to absorption in the nuclear medium must be taken into account. 
The real part of the amplitude is given to order c1! by the Thomson limit at threshold plus a dispersion integral over the total hadronic photon-absorption cross section. Other theoretical applications of the real Compton amplitud6
will be discussed in later sections.
In this paper we wish to emphasize that the real part of the virtual Compton amplitude (with one photon off its mass shell) can be directly determined from measurements of electron (or muon) bremsstrahlung or pair production.
The contributing diagrams are shown in Fig. 1 .
In general the interference of the virtual Compton amplitude (which is odd under lepton charge conjugation) with the first Born approximation Bethe-Heitler amplitudes (which are even under lepton charge conjugation) yields a contribution to the cross section which is antisymmetric under the interchange of the leptons. This interference contribution produces, for example, different cross sections for electron and positron bremsstrahlung I -4-at a given scattering energy and angle. Similarly, in asymmetric coincidence pair production measurements, the production rate will depend on which lepton has the greater momentum. The quantity
where N (6) [N+(S)] is the production rate when the electron and positron are detected mirror symmetrically in angle but the electron [positron] has 8 less momentum than the other lepton, is directly proportional to the real part of the Compton amplitude.
In addition to the Compton contribution, second and higher order
Born amplitudes can contribute to the charge asymmetry; complete calculations have been given in Ref.
(2). For the experiments discussed in this paper using hydrogen and carbon targets, this contribution is, however, less than 1% and will be neglected. Similarly, we expect the interference of the higher Born amplitudes with the Compton amplitude to be small. The radiative corrections can be another source of asymmetry but this contribution involves photon emission from the nucleus and is therefore negligible. In the next section a simple approximate formula is discussed which gives the correct qualitative features of the Compton contribution to pair production. In Section III we write the Compton amplitude in terms of a simple isobar model consistent with that used recently by Dufner and Tsai' in their comprehensive analysis of Ni3 parameters. Quantitative predictions are presented. Finally, in Section IV we extend the analysis of the Compton contribution in pair production to the case of nuclear targets.
II. ESTIMATE OF THE COMPTON CONTRIBUTION
We will denote the amplitudes associated with the Feynman dia-* grams in Fig It will be useful to review the contribution of the nucleon pole contribution to electron pair production.
To leading order in M -1 , the result of
where %l = 4m2, c spin, PO1
We have taken the proton as a static charge distribution and Fl(q2) -1. The only rnz terms which are kept are those which can give important contributions when the cross section is integrated over lepton angles. The interference contribution x l2 is at least of third order in the lepton-positron asymmetry parameters and will not be required for our purposes.
Let us, for simplicity, consider a specific case of asymmetric electron pair productic, in which the leptons are detected mirror symmetrically to the incident beam ( 8+= 8-= 8, @+-@-= n) but the electron has 6 more energy than the positron (6 = E -E+). We then obtain the simple result One can easily show that the leading contribution to E arises from the real photon forward Compton scattering amplitude; that is, the u (PI) E . E ' u(p) part of the nucleon Born terms. The remainder of the nucleon Born amplitude contributes terms of order 63 to cp (the y12 term).
The leading result is also unchanged if instead of E l t' 1 we use a gaugeinvariant form for the virtual amplitude such as
Thus to leading order in 6, we expect the forward real Compton amplitude to dominate and
where A@, 0') is defined as in Eq. (1).
We can get a rough estimate of the contribution of excited nucleon states by approximating A@, 0') = 5 + iw *atot@ *) 4n for w N w*. Then 
where the lepton trace is given by
The momenta are defined in Fig, la. The contribution of Eq. (12) to the cross section can be written in terms of five invariants. The complete answer is extremely long and we shall only give results appropriate to small angle experiments.
Let us now consider electron pair production on hydrogen. When both leptons are detected at angles 0% s ZOO, it is sufficient to expand the interference term in the cross section to second order in the Iepton production angles 8, and 8 . This small angle approximation is adequate as well for single lepton detection experiments since the undetected lepton tends to choose an angle which minimizes the propagators. Electron mass terms can be safely ignored as well, since no mi/(k.p*)2 terms arise in the interference term.
At small angles only the convection part of the nucleon current in the B1 are thus independent of the nuclear form factor and are identical to the proton target result.
For the case of the isobar Compton amplitudes, the impulse approximation, (i. e. , treating each nucleon independently), is not adequate since the nucleon resonance is apt to be absorbed in the nuclear medium. We can estimate that the mean free path for an N* in a nucleus to be /J M 2F, corres- The impulse approximation is adequate for the isobar Compton amplitudes when the effective increased width form of I' is used 13 . Since protons and neutrons contribute equally for I = 3/2 resonances, the asymmetry E is increased by a factor A/Z in pair production experiments. If the proton and neutron distributions are identical, then, in addition, the contribution to E is independent of the nuclear form factor.
V. CONCLUSION
The results given in the previous sections indicate that the fractional asymmetry due to the isobar resonances is sufficiently large and sufficiently sensitive to width corrections for a practical experiment. Although experiments onhydrogen would be the,most useful, experiments on low Z nuclear targets can also give important information on the real part of the Compton amplitude.
The collision broadening complication discussed in Section IV can be resolved by measuring photon-nucleus or pion-nucleus scattering.
In fact, a measurement of the increase of the isobar resonance width in nuclear matter is interesting in its own right since this yields a determination of the N-N* total cross section.
In fact, several asy-mmetric electron pair production measurements on carbon have already been performed. 4,5,14 Of these, the only experiment sensitive to the effect of the first nucleon resonance was the single lepton rate measurements of Simonds5. In the "single arm" experiments the detected lepton is required to have nearly the maximum bremsstrahlung energy in order to define the photon energy and avoid background from r" production.
The experimental results were sufficiently sensitive to show a positive fractional symmetry E for k above 350 MeV. This is consistent with Fig. 2 .
It is expected, however, that the most detailed determination of the real part of the virtual Compton amplitude, i. e. , checks of isobar resonance shape, the dispersion relation Eq. 
11.
The application to single-lepton detection experiments is discussed in Section V,
12.
In principle, one could use asymmetric pair production to test the Kramers- 
